Until recently, all studies on gall bladder epithelial cells have been restricted to using part or whole of the gall bladder. Several physiologists have used gall bladders from animal species to study ion transport and the electrical properties of the epithelium by applying either the Ussing chamber technique'4 or whole organ preparation technique.'5 16 More recently, other research workers used human and animal gall bladders to study aspects of epithelial cell function in relation to gall stone formation.2'7 Although these techniques are valuable for transport studies, they provide little information on the biological properties of the gall bladder epithelial cell itself.
Another limiting factor in studying the properties of human gall bladder epithelium has been the lack of normal tissue. This has now become more readily available with the development of liver transplantation programmes. Alternatively, many animal models have been used to overcome the lack of availability of normal human tissue. The development of a simple and reliable method of obtaining and culturing gall bladder epithelial cells from a readily available source would permit a detailed study of the biological functions of these cells and would contribute to our understanding of the pathophysiology of diseases of the biliary tree., In this paper we describe a simple, reproducible method of culturing gall bladder epithelial cells from a readily available source, the bovine gall bladder.
The gall bladder epithelium has been considered for many years to be an excellent model for the study of the physiological properties of epithelial cells and in particular ion transport to dissolve the mucus. Each piece was then incubated for 20 minutes at 37°C in 20 ml trypsin-EDTA (0 5 g trypsin 1/250 and 02 g EDTA 4Na/l, in Hanks's balanced solution, Ca2+ and Mg2+ free (Sigma Chemical Co Ltd)) sufficient to cover the tissue completely. The tissue was subsequently transferred to a second beaker with 4 ml bovine calf serum (Sigma Chemical Co Ltd) added to inactivate the trypsin. The solution was then made up to 20 ml by adding HBSS. After incubation for five minutes at room temperature to allow trypsin inactivation, the gall bladder epithelial cells were detached by gently scrapping the mucosa with the end of a glass microscope slide held at an angle of 45°. The separated cells were resuspended in HBSS solution and filtered sequentially through a stainless steel sieve of 0-38 mm (size 40) and 0-28 mm (size 50) pore size respectively. The above procedures were performed in a laminar flow hood using conventional sterile techniques.
The filtered solution was then centrifuged at 3 g for five minutes, the supernatant removed, and the cells resuspended in 10 ml of HBSS solution. The cells were counted with a modified Neubauer haemocytometer. The Cell attachment was clearly improved in the plates coated with collagen type IV; nevertheless, satisfactory results were obtained with uncoated plastic plates and glass cover slips avoiding the cost of type IV collagen. Visible clusters of epithelial cells were present by day 2; the attached epithelial cells looked flattened with prominent nuclei (Fig IA) . Significant growth was present by day 6 (Fig 1B) . In the coated plates (type IV collagen) confluency was reached at 8 to 10 days ( Fig IC) (Fig 2A) . When the cells were in the log phase of development (day 6) there were 21% of the cells in S phase with 9% in G2 phase compared with 10% in S phase with 1-55% in G2 phase when the culture was reaching confluency by day 10 (Fig 2B) . These results showed that the cell culture maintained satisfactory growth until confluency had been reached.
CHARACTERISATION OF EPITHELIAL CELLS BY TRANSMISSION ELECTRON MICROSCOPY
Transmission electron microscopy of the cells taken from the monolayer in the subconfluent phase of the culture, showed typical epithelial cells with all the characteristics of the gall bladder epithelium. Cytoplasmic organelles and microvilli on the epithelial cells were prominent (Fig 3A) . With higher magnification, dilated endoplasmic reticulum and mucin filled vacuoles were seen (Fig 3B) . Focal tight junctions and interdigitating processes between adjacent cells, characteristic of epithelial cells, were also present (Fig 3C) .
Discussion
In this study we report a reliable and reproducible method for harvesting and culturing gall confluency, division rates, etc) but the method we report in this paper is simpler and quicker. Another significant advantage of our method is the use of bovine tissue, which is easily obtainable and avoids the need for breeding costly experimental animals and the subsequent operation required to retrieve the gall bladder. The availability of bovine tissue allows the use of frequent short term (up to two weeks) primary cultures rather than longterm cultures avoiding problems of cell differentiation, which are likely to occur in longterm cultures. We have also found that the method described for bovine tissue can be applied to human gall bladder epithelial cells and we are currently in the process of culturing and characterising these cells.
The bovine gall bladder model has been studied in our laboratory27 and we have shown that there are striking similarities in the composition of bovine and human bile apart from cholesterol concentration, which is five times less in cattle compared with human bile (unpublished data). Bovine bile is lithogenic and the physiology of bovine gall bladder epithelium is similar to the human in terms of electrolyte transport and hydrogen ion secretion. The development of a simple method of gall bladder cell culture from a readily accessible source will facilitate the study of several aspects of gall bladder epithelial cell function and in particular the regulation of ion transport and hydrogen ion secretion, identification and cloning of the several antiport systems and channels operating on the cell membrane, regulation of mucin secretion and prostaglandin metabolism, and will enhance the understanding of the pathophysiological mechanisms of gall bladder disorders.
In conclusion, we present a simple, reliable, and reproducible method of isolation and culturing bovine gall bladder epithelial cells, which remained viable for at least two weeks. This method should be useful for the study of the biological properties ofgall bladder mucosal cells both in experimental animals and in humans. 
